Fluctuatingasymmetry provides a measure of an organism's capacity to buffer adverse factors that coulddisturbits development.It is estimatedfrom the differencesbetweentheoretically identical right-and left-sided structures. Dermatoglyphicfluctuating asymmetry has been recently used to investigate developmental disorders. Fingerprintsand palm prints of schizophrenic patients, which had been the subjects of an earlier report of conventional dermatoglyphic trait frequencies, were reanalysed to determine their level of fluctuating asymmetry. A review of the diagnostic protocols and clinicalrecords used inthe originalstudy indicated that most of the 482 subjects would have met DSM-lll-R criteria for schizophrenia. The schizophrenic sample had significantly higher levels of fluctuating asymmetry on four dermatoglyphic traits, the finger-ridge counts, fingerprint patterns, the palmer atd angles and palmer a-b ridge counts, than controls. This finding supports the results of two earlier studies, and its relevance to the roles of genetics, foetal insults, and developmental anomalies of the brain in the aetiology of schizophrenia is discussed.
structures, is believed to be an indicator of develop mental stability. Dermatoglyphic traits have been used recently to estimate fluctuating asymmetry and this provides a new way of looking at schizophrenic dermatoglyphics. This paper reports on such a study, the dermatoglyphic trait frequencies having been the subject of an earlier publication (Mellor, 1968) .
Dermatoglyphics, the study of ridged skin on the palms and soles, is customarily used in the investigation of chromosomal and other congenital abnormalities. Dermatoglyphic analyses use either qualitative methods, based on the patterns formed by the dermal ridges, or are quantitative, a count of the dermal ridges in a pattern being the usual measure.
The scientific value of dematoglyphics largely derives from the fact that the dermal ridges appear in the third to fifth month of foetal development (Penrose & Ohara, 1973) and the patterns then formed never change. Therefore, dermatoglyphic abnormalities are due to genetic or other factors that express their effect before the end of the fifth month of foetal development.
Dermatoglyphic studies have, therefore, been used to investigate the effects of prenatal factors in the aetiology of schizophrenia (Mellor, 1968) .
Unfortunately, the results of such studies employing conventional qualitative and quantitative methods have yielded ambiguous results that are difficult to interpret. However, the use of dermatoglyphic traits to measure the degree of fluctuating asymmetry provides a new approach to this problem.
In order to explain this approach, a description of fluctuating asymmetry is first required. Van Valen (1962) , in an extensive review, credits Ludwig with first describing fluctuating asymmetry in 1932.
Fluctuating asymmetry has been used to assess developmental stability in various species including man. It can be defined as the random differences between corresponding morphometric characters on each side of the plane of symmetry. In practical terms, one estimates the levelof fluctuating asymmetry from the differences between corresponding right and left-sided structures. These differences are zero if each side is a perfect mirror image of the other. Fluctuating asymmetry requires that the differences between the two sides are random, that is, one side is never consistently bigger, or smaller, than the other. (If the differences are consistently in the same direction then this would be directional asymmetry.) The distribution of the signed, right minus left differences, in a population sample, approximates to a normal curve with a mean of zero. The variance of this distribution curve is a measure of fluctuating asymmetry. The degree of fluctuating asymmetry is indicative of an organism's susceptibility to developmental noise. A high level signifies that the organism has a low capacity for buffering adverse environmental effects that could deflect the course of its genetically determined programme of development (Van Valen, 1962) . There is probably a general buffering capacity for the whole organism as well as one for individual structures. Individuals who are relatively homo zygous have inferior developmental stability when compared to those who are relatively heterozygous (SoulÃ©, 1979) . SoulÃ© & Cuzin-Roudy (1982) have suggested, therefore, extreme phenotypes will have less general buffering capacity than average phenotypes.
The use of dermatoglyphic fluctuating asymmetry as an indicator of the human developmental process has been advocated by Livshits & Kobyliansky (1987) . They found that subjects whose measurements on a group of anthropometric variables were close to the mean showed less dermatoglyphic fluctuating asymmetry than those with more outlying measure ments. These findings support the hypothesis that fluctuating asymmetry is greater in extreme pheno types. Dermatoglyphic fluctuating asymmetry has not been found to be related to sex (Micle & Kobyliansky, 1988) , nor to handedness (Kobyliansky & Micle, 1986) .
In their study of cleft lip, Woolf & Gianas (1976 , 1977 used three dermatoglyphic traits, the palmar atd angle, the pahnar a-b ridge count, and finger print patterns, to estimate the degree of fluctuating asymmetry in â€˜¿ propositi' with congenital cleft lip. These subjects had significantly greater fluctuating asymmetry than normal subjects and subjects with non-congenital cleft lip. The unaffected parents and siblings of those with congenital cleft lip had fluctuating asymmetry levels between those of the propositi and normal subjects. Their findings indicated that cleft lip is genetically heterogeneous, that the familial form has a polygenic cause and that the genes responsible for cleft lip also raise the general level of fluctuating asymmetry.
In the first investigation of dermatoglyphic fluctuating asymmetry in schizophrenia, Markow & Wandler (1986) studied a sample of 81 subjects using two dermatoglyphic traits, the palmar a-b ridge count and fingerprint patterns. The fluctuating asymmetry was significantly higher for the schizophrenic group than the control group for both traits. Markow & Gottesman (1989) subsequently found that twins con cordant for schizophrenia had higher levels of fmger ridge count fluctuating asymmetry than discordant twin pairs.
There are cogent reasons for studying dermato glyphic fluctuating asymmetry in schizophrenia. If fluctuating asymmetry is greater than in normal subjects, then this suggests that disturbances of foetal development may play some part in the later develop ment of schizophrenia. Developmental disturbances inferred from this type of evidence must have occurred when the dermal ridges were forming, that is during the third to fifth months of intrauterine life.
Method that Mellor (1968) had previously described. This report includedthe method of obtaining the sample of schizo phrenic subjects and their palm and fingerprints, together with the method of dermatoglyphic analysis. These will not be describedagain in detail, but willbe outlined and given with additional information necessitated by recent develop ments in psychiatric diagnosis.
The subject sample, of 250femaleand 232male schizo phrenic in-patients, consisted of acute and chronic sub samples. All subjects were white, of British parentage and resided in the English Midlands before their hospital admission. The acute sub-sample came from four different mental hospitals and consisted of 92 females and 77 males.
All were assessed within 48 hours of admission for the inclusioncriteria -the presenceof first-rank symptomsof schizophrenia in the absence of an organic psychosyndrome.
The operational definitions of these symptomsand their frequency within this sample were described in a subsequent publication (Mellor, 1970) ,as was their diagnostic specificity after an eight-yearfollow-upperiod (Mellorci ci, 1981) .
A retrospectiveexaminationof the clinicaldata collected at the sametime as the dermatoglyphicdata indicatedthat most of the acute subjectswouldhavemet the DSM-III-R criteria for schizophrenicdisorder (AmericanPsychiatric Association,1987) .Most first-ranksymptomsare listedin the sectionA criteriaand all met sectionB criteriaby virtue of needing hospital admission. The Schneideriancriteria employed in the original study specifically excluded subjects with organic mental disorders. All were below 45 years of age at the onset of the first acute episode. Most subjects werereadmissionswith lengthyhistoriesof mental illness; however, there were twelve first admissions for whom in formation about the duration of the illness was incomplete.
The chronicschizophrenicswerea 1in 3 random sample drawn from the chronic wards of three of the four mental hospitals referred to above. All had been in-patients for at leastfiveyearsand had signsand symptomsthat qualified them for membershipof one of Leonhard's sub-categories of systematic schizophrenia, as described by Fish (1958).
The 158 femalesand the 155 males who comprisedthis group were predominantly treatment-refractory patients with positive rather than negative symptoms. The check list of symptoms used to assign each subject to the Leonhardian categories of systematic schizophrenia was re examined in the light of the DSM-III-R diagnostic criteria for schizophrenia. All the subjects met the required symptomcriteria listedin sectionA Subjectswith organic brain disease were excluded in the original selection criteria, and all wereobviously qualified intheareaof severity and duration of illness. The chronicsubjects in one hospital were not palm printed, reducing the numbers available for palm-print analysis to 177 males and 189 females.
Dermatoglyphic fluctuating asymmetry
The methods of estimating dermatoglyphic fluctuating asymmetrywillbe describedin relation to each of the four traits studied. The same method could not be used for each trait, because the data from which the fluctuating asymmetry levels of the control groups were estimated
This investigation consisted of a new analysis, the estimation of the fluctuating asymmetry, of dermatoglyphic material interest in dermatoglyphic fluctuating asymmetry at that time, but information was published from which the degree of fluctuating asymmetry could be estimated for the finger ridge counts and the atd angles.
Finger-ridge counts 4
Fluctuating asymmetry was estimated from comparisons made between the ridge counts on the homologous fingers of the right and left hands, i.e. the ridge count of the right first finger was compared with that of the left first finger.
As part of a series of publications on the fmger-ridge counts in the British population, Holt ( comparison. This consistedof the variance of the signed right minus left differences. The mean of these differences in the schizophrenic sample was small and no correction for directional asymmetry was required.
Results
The product-moment correlation coefficients for the individualpairsof fmgersof maleand femalesubjects,both schizophrenic and normal, are given in Table 1 .
The schizophrenicsubjects have lower correlationsthan
normal subjects for nine of the ten pairs of digits, and in four pairs the difference is statistically significant. The estimates of fluctuating asymmetry(1â€" r2) derived from the correlation coefficients are given in The measures of fluctuating asymmetry are greatest in the second digit pairs of both male and female normal subjects, while it is greatest in the third digit pairs of both groups of schizophrenics.
Fingerprint patterns
The numbersand percentagesof right-left fmgerprintpairs that did not have the same type of pattern on each fmger pairarecomparedin 
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P<0.0l), indicatingthat the schizophrenicshada greater
degree of fluctuating asymmetry of the a-b ridge count. There was no significant difference between the males and females who constituted the schizophrenic sample.
Acute v. chronic schizophrenia
All the measuresof dermatoglyphicfluctuatingasymmetry were examined for differences between the acute and chronic schizophrenic sub-samples. It was predicted that fluctuating asymmetry would be greater in the chronic group as the members were more severely affected by schizophrenia.The findings were in the predicteddirection for the finger ridge counts, fmgerprint patterns and a-b palmar ridge counts, but not for the palmar atd angles. None of these differences between the acute and chronic subjects reached statistical significance.
Discussion
The schizophrenic subjects exhibited a greater degree of fluctuating asymmetry than the control groups on four dermatoglyphic traits that are largely independent of one another. This study lends support to the findings of Markow & Wandler (1986) and Markow & Gottesman (1989) that a sample of subjects with schizophrenia, on the dermatoglyphic evidence, does have a higher level of fluctuating asymmetry than is found in a normal sample. This increase in fluctuating asymmetry in schizophrenia is relatively small; a rough estimate, based upon the fmger-ridge count and the atd angle fmdings, would be that it is greater by 10 to 20%. Such a small increase is perhaps to be expected as manifest congenital Table 3 Proportion of homologous fingers with discordant finger print patterns: differences between normal and schizophrenic subjects, and schizophrenic sexes higherthan that of the normal subjects, using the statistical test advocated by Fleiss (1981, p. 23) for proportions with a specified characteristic in two independent samples.
There was no significant difference between male and female schizophrenics in the proportions of discordant patterns.
Palmar atd angle
The product-momentcorrelations(r) betweenthe rightand left atd angles are given in Table 4 
